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Advances in nucleic acid technology during the past 
five years have yielded practical probe-based assays 
for diagnosing infectious and genetic diseases. Al- 
though the assays arc sensitive, ccllsi tissues, or body 
fluids often must be cultured to increase the cell or 
organism number to readily detectable levels, yet cul- 
ture is not always easy 'or successful. 

A novel technique, the polymerase chain reaction 
(PCR), was recently developed for in vitro amplifi- 
cation of the DNA or.RNA of an organism or gene 
defect, and culture may not be required. The PCR 
takes advantage of an enzyme that uses a defined 
segment in a strand of DNA as a template for as- 
sembling a complementary strand. 

The principle of the PCR is simple, requiring a 
three-step cycling process: (/) denaturation of double- 
stranded DNA, (2) annealing of primers, and (J) 
primer extension. 1 f an RN A sequence is to be am- 
plified, .a DNA copy 01" it (eDNA) must be synthe- 
sized by using reverse transcriptase before the PCR 
U begun. A cycle typically takes ~3-5 min and is 
repeated -20-40 times* (l). The PCR reaction vessel 
contains a mixture of buffers, nucleotides, primers, 
enzyn c, and nucleic acid from the specimen of in- 
terest. 

Denaturation separates the complementary 
<tmudsof DNA held together in the duplex by hydro- 
gen bondv Although there arc several physical and 
chemical means of dissociating the duplex, heating 
it :o 95- lOu C is simple and efficient. 

In the annealing proee-N, primers are attached to 
the dissociated DNA strands. A primer is a single- 
v.randcd sequence of nucleotides known as an oli- 
gonucleotide, liach primer K complementary to one 
of the original DNA strands, to cither the left (5*) 
or right t.Vj side of 1 he sequence of interest. The 
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primers arc present in such vast molar excess that 
they are more likely to anneal to the dissociated 
strands than the strands are to reanneal to each other. 

Once annealing has occurred, enzyme catalyzes the 
synthesis of new strands of DNA. The enzyme is a 
DNA polymerase that adds nucleotides complemen- 
tary to those in the unpaired DNA strand onto the 
annealed primer. The number of DNA strands dou- 
bles upon completion of each cycle. After 30 cycles, 
a single copy of DNA can be increased up to 1 000 000 
copies. In a sense, then, the replication of a discrete 
strand of DNA is being manipulated in a tube un- 
der controlled conditions. 

In early PCR experiments, the enzyme used was 
the Klcnow fragment of Escherichia co/i DNA poly- 
merase 1, but this heat-labile enzyme had to be added 
in each subsequent cycle because the enzyme was in- 
activated during each denaturation step. The Klcnow 
fragment now has been replaced by the thermosta- 
ble DNA polymerase of Thermits aquaticus (Taq), 
a development that has permitted automation of the 
procedure because all reaction components can be 
combined at the beginning. In addition, use of Taq 
polymerase has improved the specificity, yield, sen- 
sitivity, and length of target DNA that can be am- 
plified (21. 

Amplified sequences of target DNA can be de- 
tected bv a variety of methods. If cnoueh amplified 
DNA is present, it can be visualized after gel elec- 
trophoresis and cthidium bromidestaining; however, 
this method cannot provide definitive identification 
of the product. This is particularly true if the target 
.sequence initially is present in extremely small quan- 
tities, a situation that may lend to amplification of 
some nonspecific sequences and yield too little spe- 
cific DNA to be visualized. Therefore, final detec- 
tion assays usually rely on hybridization of a por- 
tion of the amplified DNA product to specific 
synthetic DNA probes representing a portion of the 
ampli ficd sequence*. 
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Oligomer rest rictiqrt (OR) js a common detection 
method. U has been applied in our laboratory and 
others to detect amplified' DNA of the human im- 
munodeficiency virus (HIV) 13-61 and human Tccll 
lymphotropic virus type I (HTLV-l) J7-9J. 

Amplified DNA is hybridized in solution to a syn- 
thetic DNA probe that is labeled at its 5' end with 
a radioactive phosphate group {10]. The probe also 
possesses a restriction enzyme recognition site known 
io be present in the amplified DNA. Hybridization 
of the single-stranded probe to the amplified DNA 
restores the recognition site to a double-stranded 
form. Subsequent digestion with the restriction en- 
zyme releases the radiolabeled fragment of the DNA 
probe. This fragment has a known length and is easily 
detected by polyacrylamidc gel electrophoresis and 
autoradiography. One limitation of OR is that mu- 
tation of the target sequence (sequence diversity) 
could lead to loss of the recognition site. Abbott et 
al. i?I in this issue of the Journal recommend the 
use of slot blotting and hybridization to avoid the 
problems associated with sequence diversity. 

The PCR has rapidly become a valuable technique 
for molecular biologists. Marx [111 recently has 
reviewed a number of applications of the PCR in 
a variety of settings. Wooly mammoth mitochon- 
drial DNA and DNA from the brain of an Egyptian 
mummy have been amplified and sequenced (II). Mi- 
tochondrial DNA from single hairs has been detected 
by Higuchi ci al. [12J, a finding making PCR a use- 
ful tool in forensic medicine. Phenylketonuria (13] 
and a-l-amitrypsin deficiency 114] have been added 
;o the l;>: of genetic diseases amenable to study by 
the PCR. Miyano ct al. 1151 have used the PCR to 
screen for a point mutation not associated with a 
restriction fragment length polymorphism in the in- 
sulin eenc. Crcscenzi ct al. (161 have detected one lym- 
phoma cell in 10'* normal cells, an observation rc- 
•.ealiny the subclinical presence of leukemic cells in 
patients thought to he in complete remission and in 
bone marrow evaluated for autologous transplan- 
tation. 

furthermore, the PCR technique shows tremen- 
dous promise in the study of viral diseases, particu- 
larly ihosc for which serology or culture are diffi- 
cult and w here early detection of infection may have 
tremendous value in public health. Shibata ct al. II7| 
have used the PCR to detect human papilloma vi- 
n.* (HPVjin paraffin-embedded tissue. In addition, 
the PCR has pmved to be extremely useful for de- 



tecting HI V and HTLV. Amplified DNA of HIV type 
1 (HIV-I) and HTLV-l have been detected directly 
in peripheral blood mononuclear cells of seroposi- 
tive persons {3. 8, 18. 19]. 

Although licensed tests are available to delect an- 
tibody to H1V-1, none are available for detecting an- 
tibodies to HIV type 2 (HIV-2; endemic in West 
Africa) or HTLV-I or HTLV type II. In addition, 
there arc no licensed assays for detecting HIV or 
HTLV antigens, and culture is notoriously difficult 
and labor-intensive. The sensitivity of culture for 
HIV-1 varies among laboratories, although Jackson 
et al. {201 recently reported recovery of the virus from 
99*70 of infected individuals in a single cohort of 140 
homosexual men and two women seen in their AIDS 
Clinical Trial Unit in Minnesota. 

A rapid and sensitive assay for HIV or HTLV 
would provide a better understanding of their patho- 
genesis. For example; what is the meaning of an in- 
determinate western blot? Why do some individu- 
als at high risk for HIV infection remain seronegative 
and asymptomatic? Does active replication or tran- 
scriptional dormancy correlate with the antibody or 
antigen picture? Is drug therapy (e.g., zidovudine (for- 
merly known as AZTJ) effective in inhibiting viral 
replication and transcript'^ in vivo, and does it 
reduce the virus burden in an infected person? These 
questions and others reflect major areas of research 
related to HIV being pursued by using the PCR. 

Diagnosing HIV infection in infants born to 
seropositive mothers is difficult because maternal an- 
tibody can persist for up to 15 mo. The PCR has 
been used to detect HIV DNA in some of these in- 
fants [21, 22). Further study may provide useful in- 
formation for identifying those infants wiih a poor 
prognosis or those eligible for antiviral therapy. 

HIV DNA has been detected by the PCR at least 
six months before western blot-confirmed serocon- 
version (231. Because RNA sequences can be detected 
in cells of HIV-infected persons by an\plifying cDNA 
copies of reverse-transcribed cellular RNA. it is pos- 
sible to differentiate latent HIV infection (proviral 
DNA) from active viral transcription (RNA) (4. 24, 
251. f urthermore, detecting HIV RNA and DNA in 
the ceIN and body fluids of individuals before and af- 
ter seroconversion may help to explain latency and 
define the relation between cell-associated and ccll- 

* free virus |51. 

There have been occasional reports of positive an- 
tibody tests reverting to negative. Farzadcgan et al. 
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126} have used the PCR to demonstrate the presence 
of HIV-I DNA injfour men who had scrorevcrtcd 
out of J000 asymptomatic homosexual men tested. 
Despite repeated attempts, the investigators did not 
succeed in culturing virus from cells of these men. 
The significance of these results remains to be de- 
termined. 

Rayfield et al. {27}. as reported in this issue of the 
Journal, recently have used the PCR to differenti- 
ate between HIV-I and HIV-2. In addition, they 
demonstrated concurrent infection with HIV-1 and 
HIW2 in an individual. The PCR was also used to 
confirm the first case of HIV- 2 infection in a West 
African living in the United Slates (28). 

Kwok et al. [29J in this issue of the Journal report 
the direct cloning and sequencing of amplified 
HTLV-I DNA, and the same approach has been ap- 
plied to HIV RN'A in our laboratory [4J. This 
represents a considerable reduction in the time other- 
y wise required to obtain the same information by con- 
ventional techniques. In addition, it is a major im- 
provement in the determination of viral sequences. 
; Because direct amplification, cloning, and sequenc- 
I mg does not require cultivation of viruses in vitro, 
I artificial selection of strains able to grow in these 
: conditions is eliminated. As a result, sequence data 
I obta »ncd from this approach* will more accurately 
I reflect the viral sequences actually present in patients. 

Because of the exquisite sensitivity of the PCR, 
, it seems to be ideally suited to monitoring the effect 
i ol antiviral therapy [4. 25). Also, by amplifying a 
; d;Iuuon scries of known posit ivc DNA simultanc- 
, ously. it is possible to quantify the virus burden by 
; determi line the number of proviral copies per given 
r number of cells [4. 7. 19). 

The research summarized here mcrclv suggests the 
pouer of the PCR. Its power is. however, it* own 
weakness. Even the tallest amount of contaminat- 
uv2 DNA can be amplified, resulting in misleading 
or amnieuous resuiiV To minimize the chance of con- 
lamination, investigators should reserve separate 
roon> lor reagent preparation. thcIJCR. and anal- 
ysis o: product. Kcaeents .should be dispensed into 
sinplc-ii*- uliquots. Pipettes with disposable plung- 
ers and c\:ra-lone pipcuc tips should bo routinely 
used. 

Another important consideration is the u.se oreon- 
troK and what those controls should be. Ideally, their 
mains should be identical to that of the e.xpcrimcn- 
isil NVMcm. and r hey .should he included in every run. 
PoMtixe anil ne.vaine contiols must be clcarlv dis- 
miyiiMiable: their lailute invalidates the experiment 



and should warn the investigator of a problem some- 
where in the system. 

Sensitive and specific nonradiometric detection 
methods for P% R products are being developed. The 
PCR amplifies target sequences not the detection sys- 
tem. Boosting the number of target sequences im- 
proves the performance of less-sensitive nonradio- 
metric probes and may yield practical screening 
methods for early viral infection. 

The PCR is a powerful and practical research tool. 
The heretofore unknown etiologies of many diseases 
arc being clarified by the PCR. The technique may 
enable the identification of previously unknown 
viruses related to those already known. If the proce- 
dure can be further simplified and sensitive nonra- 
diometric detection systems can be developed, the 
PCR will assume a prominent place in the clinical 
laboratory. 
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